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(54) Method and apparatus for printing and coating 

(57) A method and apparatus for printing and coat- 
ing includes providing a pressurized source (102a, 
102b. 102c,124a, 124b, 124c, 137a, 137b, 137c) of a 
thermodynamically stable mixture of a solvent and a 
marking material. A printhead (103) is connected to the 
pressurized source. The printhead is configured to pro- 
duce a first shaped beam of the marking material and a 
second shaped beam of the marking material. The 
marking material can be different marking materials or 
the same marking material 
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Description 

10001] This invention relates generally to printing and wore particularly, lo printing using solvent tree materials. 
[0002] Traditionally, digitally controlled printing capability is accomplished by one of two technologies. The first lech- 

5 nology, commonly referred to as "continuous stream" or "continuous" ink jet printing, uses a pressurized ink source 
whrch produces a continuous stream ol ink droplets (typically containing a dye or a mixture of dyes). Conventional 
continuous ink jet printers utilize electrostatic charging devices that are placed close lo the point where a filament of 
working fluid breaks into individual ink droplets. The ink droplets are electrically charged and then directed to an ap- 
propriate location by deflection electrodes having a large potential difference. When no print is desired, the ink droplets 

10 are dellected into an ink capturing mechanism (catcher, interceptor, gutter, etc.) and either recycled or disposed of. 
When print is desired, the ink droplets are not deflected and altowed to strike a print media. Alternatively, deflected ink 
droplets may be allowed to strike the print media, while non-deflected ink droplets are collected in the ink capturing 
mechanism. 

[0003] The second technology, commonly referred to as "drop-on-denr>and* ink jet printing, provides ink droplets 

15 (typk:ally inchiding a dye or a mixture of dyes) for impact upon a recording surface using a pressurization actuator 
(thential, piezoelectric, etc.). Selective activation of the actuator causes the fomiation and ejection of a flying ink droplet 
that crosses the space between the printhead and the print media and strikes the print media. The formation of printed 
images is achieved by controlling the indhndual formation of ink droplets, as is required to create the desired image. 
Typically, a slight negative pressure within each channel keeps the ink from Inadvertently escaping through the nozzle, 

20 and also forms a slightly concave meniscus at the nozzle, thus helping to keep the nozzle clean. 

[0004] Conventional "drop-on-demandT ink jet printers utifize a pressurizatk>n actuator to produce the ink jet droplet 
at orifices of a print head. Typically, one of two types of actuators are used including heat actuators and piezoelectric 
actuators. With heat actuators, a heater, placed at a convenient location, heats the ink causing a quantity of ink to 
phase change Into a gaseous steam bubble that raises the internal ink pressure sufTiclently for an ink droplet to be 

25 expelled. With piezoelectric actuators, an electric field is applied to a piezoelectric material possessing properties that 
create a mechanfcal stress in the material causing an ink droplet to be expeDed. The most commonly produced pie- 
zoelectric materials are ceramics, such as lead zirconate titanate, barium titanate, lead titanate, and lead metaniobate. 
[0005] Conventional ink jet printers are disadvantaged in several ways. For example, in order to achieve very high 
quality images having resolutk)ns approaching 900 dots per inch while maintaining acceptable printing speeds, large 

30 numbers of discharge devices located on a printhead need to be frequently actuated. The frequency of actuation limits 
the viscosity range of the ink used in these printers. Typically, the viscosity of the ink is k>wered by adding sohfents 
such as water, etc. The presence of sohfents can cause an increase in Ink bleeding during drying which reduces Image 
sharpness negatively affecting image resolution and other Image quality metrics. Additionally, the preserK^e of soh/enls 
results in slower ink drying times after the ink has been deposited on the recehrer which decreases overall productivity. 

35 [0006] Conventional ink jet printers are also disadvantaged in that the discharge devk:es of the printheads can be- 
come partially blocked and^or completely blocked wtth ink. In order to reduce this problem, soNents, such as glycol, 
glycerol, etc., are added lo the ink fomnulation, whfch can adversely affect niage quality cftje to an increase in ink 
bleeding during the time the ink is drying. 

[0007] In conventional ink jet printing, when an overcoat is desired, the ink is aHowed to dry prior to applying the 
40 overcoat. Again, the presence of solvents results in sk>wer ink drying tinnes after the mk has been deposited on the 
receiver. Therefore, overall printing system producthrHy is reduced due to the walling perk>d associated with increased 
drying tinnes. 

[0008] When a precoat, typkrally containing solvents, is desired, the precoat is usually aRowed to dry prior to the 
commencing the printing process. Alk>wing the precoat to dry reduces the likel9iood of ink t>leeding when the ink is 

45 applied to the receiver. The time associaled with drying reduces the overall printing system productivity. 

[0009] Other technologies that deposit a dye onto a receiver using gaseous propetlants are known. For example. 
Peelers et al., in U.S. Pat. No. 6,116,718, issued September 12, 2000. discloses a print head for use in a maricing 
apparatus in whk:h a propellant gas is passed through a channel, the maricing nrtalerial is introduced controBably into 
the propellant streanrtto form a ballislk: aerosol for propelling non-colk>kial, solid or semi-soid partculate or a liquid. 

50 toward a recewer with sufficienl kinetk: energy to fuse the maricing material to the recen^r. There is a problem with 
this technology in that the maridng material and propellant stream are two different entities and the propellant is used 
to impart kinetc energy to the maridng material. When the maricing material is added into the propellant stream in the 
channel, a non-coHoidal ballistk: aerosol is formed prior to exiling the print head. This non-colk>kial ballistk: aerosol, 
whch is a combination of the marking material and the propellant, is not themuxfynamcally stable/hietastable. As 

55 such, the marking material is prone to settling in the propellant stream vrhkrh. in turn, can cause marking material 
agglomeration, leading to nozzle obstruction and poor control over marking material depositk>n. 
[0010] Technologies that use supercritk:al fluid solvents to create thin f ikns are also known. For example, R.D. Smith 
in U.S. Patent 4,734,227, issued March 29, 1 988, discloses a method of depositing solkl f Hms or creating fine powders 
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through the dissolution of a soHd material into a supercilcal fluid solution and then rapidly expandinq the solution to 
Z r : -arking material in the lorr. of fine powders or long thin fibers' wLh may be usedt ma e 

hims. There « a problem with this method in that the tree-jet expansion ol the supercritical lluid solution tesuttrrn a 

lnai^^T'"'°"T '° "^^'^ '''^h resolution pattens on a receiver F^nerde^cus 

ing leads to losses of the marking material. rumiei, oeiocus- 

(00111 As such, there is a need lor a technology that pemiils high speed, accurate, and precise delivery ol solvent 

h^h speed, accurate, and prec.se imaging on a receiver having reduced material agglomeration characWi^ i^s 
001 2J Accordmg to one feature of the present invention, a printhead for delivering sotvent free materialsTorr^.- 
-rKludes a firs, discharge device having an inlet and an outlet. A ponioo of the L disc rgeTev'e d^n^^^^^^^^^ 
deln^ery path, and a portion of the first discharge device Is adapted to be connected to a ores^urr^H i 
themuxlynamically stable mixture of a fluid and a first marking materia, at the inlerThe fts' dLcharrderr ' 
^gured to produce a shaped beam ol the firs, marking materia, with the fluid being in a gaserus^^^^^^^^^ T 
beyond the outlet of the first discharge device. A nrst actuating mechanism is positLed aZ the I ir.fn! " T 
The «rsl actuating mechanism has a first position removed Uo^ the firs, deliver^ pa h and a slnd Zuo^Z T\ 
delivery path. A second discharge device has an inlet and an outlet. A portion oMhe seZ. Zhar^^^^^ " 
a second delivery path with a portion of the second discharge device beinq adaoted^oTrro^i? ^"'"^ 
sourceofa.he,modynamica»ys.abtemix.ureo,a,,uidandaLon;:ar^^^^ 

device « configured to produce a diverging beam of the second marking material with xt^elLX^ZZV^^Z^ 

state at a location beyond the outtet of the second discharge device. ^ 

I0013J According to another feature ol the present invention, a method of printinq includes omviHinn = ■ ^ 

source of a themiodynamfcally stable mixture of a soh,en. and a marking materiL Zvidinfa d^^^^^^^ h '''"T" 

an inle. and an outlet, a portion of the discharge device defining a delivenr^h a oort b^^f .1^^^^ f"^ "^"""^ 

adapted.obeconnec.ed,oapressurl.edsouLo.athem,odynarJcL"^^^^^ 

at the inlet: causing the discharge device to produce a first "haped beam o. the T^^g^^^'meM^l^^^^ 

I0014I According to another feature of the present invention, a printing apparatus includes a oressuri^ed ^n„r.^ «f 
a them>odynamcalV stable mixture of a fluid and a marking material. A ^nZ of .he S^JS^^^^ZZnl 
wrth the delhrery path of the printhead being connected to the pressurized sourS Vhrp^b^a^^d^^^^^^ 

path. The d«charge device is shaped to produce a shaped beam of the marking material wfthTJrw^J^T! a 

delivery path and has an open positk>n a! least partialhr removed from tho rf*.iK«>,« ,.^f k a ^ 
moveabV positioned a, a predetem^ined d«.an^e fror^ thT:!'^ diSI^^ "'^'^^ 

n:'acCa^!^i':strh-^ 

plrc^^^ ""'T''^^.^' ^ «"*odimen. made in accordance with the present invention- 

fZ ra%T °' ^"^"'^"'^ embodimente made in accordance with the preseni invention^ 

rhe^^'t:^.:^ •^'^^^^^^^^'^^^ 

Fir? ?^ fin" ^7^"=.^^^ embodiments made in accordance wfth the preserrt Imrentbn- and 

FIGS. 10-11D are schemata views al.err,ative embodiments made In accordance with .hejreseri Z^Z 

IWJ161 The present description win be directed in particular to elements fomiing part of orcoooeratina more dirpcti^ 
wrth. apparatus in accordance with the present inventk>n. Il is to be understood that etem^n^Tn^rf f 
or descnljed may take vark)osfom« well known to those skilled iHthnn^J^^^^^ 
for vanous facets olthe invention. ,orexa,rp,e.mar^?;^^^^ 

emplaor, and are not intended to limit the scope of the Inventioh in any manner ^ 
ofathernK,dyr«mica«ys.ablemlx,ureofaSu«andamaJ^^^ 

(s) 1023, 102b. 1Q2C connected in fluki commonfcation to a dernreryMSat te^^o^^Ji^^^^ 

1 03. The printhead 1 03 includes a discharge device 1 05 fJmT^a^Z^l^ nTS ^ ^ ^"""^^^"^ 

betow) to produce a shaped beam of the Lrking nZ^TSiS^^^'^Z ? "^"'"^ ""^^ 

c.elhrerypa.h26andlsoperabte.oconUolde.Jryo,tri^i:^^^^^^ 
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[0018] The formulation reservoir(s) 102a, 102b. 102c is connected in fluid communication to a source of fluid 100 
and a source of marking material 28 {shown with reference to formulation reservoir 102c in FIG. 1). Alternatively, the 
marking material can be added to the formulation reservolr(s) 1 02a, 1 02b, 1 02c through a port 30 (shown with reference 
to formulation resen^oir 102a in FIG. 1). 

5 [001 9] One formulation reservoir 1 02a, 1 02b, or 1 02c can be used when single color printing is desired. Alternatively, 
multiple formulation reservoirs 102a, 102b, or 102c can be used when multiple color printing is desired. When multiple 
formulation reservoirs 102a. 1Q2b, 102c are used, each formulation reservoir 102a, 102b. 102c is connected in fluid 
communication through delivery path 26 to a dedicated discharge device(s) 105. One example of this includes dedi- 
cating a first row of discharge devices 105 to fonrnulation reservoir 102a; a second row of discharge devices 105 to 

10 formulation reservoir 102b; and a third row of discharge devices to fomnulation reservoir 102c. Other formulatbn res- 
ervoir discharge device combinations exist depending on the particular printing applk:ation. 

[0020] A discussion of illustrative emt)odimenls follows with like components being described using like reference 
symbols. 

[0021] Referring to FIG. 1, a first embodiment is shown. The printhead 103 which includes at least one discharge 

15 device 105 and at least one actuating mechanism 104 remains stationary during operation. However, the printhead 
103 can maintain a limited movement capability as is required to dither the image (lypk:ally from one to two pixels in 
length). A receiver 106 positioned on a receiver holder 107 moves in a first directton 32 and a second direction 34. 
Typk:ally, the second direction 34 is substantially perpendk:ular to the first direction 32. The two direc1k>nal motion of 
receiver 106 can be achieved by using a receiver retaining devk:e 24 having a first motorized translation stage 108 

^ positioned over a second motorized translation stage 109. 

[0022] In this embodiment, the printhead 103 can be connected to the fonmulatbn reservoir(s) 102a, 102b, 102c 
using essentially rigid, Inflexible tubing 101. As the marking material delivery system is typically under high pressure 
from the supercritk:al flukJ source 100. through tubing 101 and the fomriulation reservoirs 102 a, 102b, 102c. to the 
actuating mechanism 104, the tubing 101 can have an increased wall thk:kness whk:h helps to maintain a constant 

25 pressure through out the marking material delivery system 22. 

[0023] Referring to FIG. 2, a second emtxxJiment Is shown. In this embodiment the receiver retaining device 24 is 
a roller 112 that provides one direction of motk>n 36 for a receh^er 11 while the printhead 103 translates in a second 
direction 38. Rigid tubing 101 connects the st^rcritk:ai fluki source 100 to the formulatbn reservoir(s) 102a, 102b, 
102c. However, the printhead 103 Is connected to the foimulation reservoir(s) 102a, 102b, 102c by a flexible high 

30 pressure tube{s) 110. A suitable flexible hose can be. for example, a Titeflex extra high pressure hose P/N R157-3 
(0.11 0 inside diameter. 4000 psi rated with a 2in bend radius) conmiercially available from Kord Industrial, Wixom, Ml. 
The supercrftk:al flukJ source 100 Is remotely positioned relative to the printhead 103. 

[0024] In a multiple cotor printing operatton, for example Cyan, Magenta, and Yeltow cotor printing, each color fe 
applied in a controlled manner through the actuating mechanisms 1 04 and d'echarge devces 105 of printhead 103 as 
35 the printhead 1 03 translates in second direc1k>n 38. The printhead 1 03 has at least one dscharge devk:e 1 03 dedcated 
to each predetermined color. Then, the roller 112 increnr^nts the flexbie receiver 1 11 in the first direction 36 by a small 
amount. The printhead 1 03 then translates back along second directk>n 38 printing the next One. For adequate printhead 
position accuracy, the printing apparatus 20 typcally includes a feedback signal, often created, for example, by a linear 
optk:al encoder (not shown). 

40 [0025] Referring to FIG. 3, a third embodiment is shown. In this embodffnent. the marking material deSvery system 
22 includes a supercritkral fluid source 116 positioned on the printhead 103. The supercritk:al fluid source 1 15 is in ftukJ 
communk:atlon with the fonnulatlon reservoir(s) 102a, 102b, 1(Sc through dellveiy path(s) 40 tocated on or m the 
printhead 1 03. The fonmutation reservoir(s) 102a. 1 02b, 1 02c are connected in fluid communk:atk>n with the discharge 
devk:e(s) 105 throu^ delivery path(s) 26 positioned on or in the printhead 103. 

45 [0026] The supercrilk^ai flukJ source 100 is connected to a docking station 113 whch mates with a rechargvig port 
114 of the supeicritcat fluid source 115 located on the printhead 103. This allows the supercritk:al fluid contained in 
the supercrftcal fluid source 115 kx»ted on the printhead 103 to be replenished as is required during a printing oper- 
ation. Recharging can occur in a variety of sltuatk>ns. for example, recharging can occur when a predetemiined re- 
maining pressure or weight of the supercritkral fhiid source 1 15 is detedect after a known vohmne of supercrftical flukl 

so has been discharged; at any convenient time duriryg the printing process; etc. The docking statk>n 1 1 3 is supplied with 
supercritical fluid from a supercritk:al ftukl source 1 00 through rigid tubing 1 01 . However. flexft>le tubing 110 can t>e used. 
[0027] The source or marking material 28 can also be connected to a docking station 113 whk:h mates with a re- 
charging port 1 1 4 of the f onnulation resen^olr(s) 1 02a. 1 02b. 1 02c (shown In phantom in FIG. 3). This allows the marking 
material contained in the formulation reservoir(s) 102a, 102b, 102c located on the printhead 103 to be replenished as 

55 is required during a printing of>eratk>n. Depending on the number of f onmulation reservoir(s) 1 02a, 1 02b, 1 02c, multiple 
docking statbns 113 and recharging ports 114 can be Included. 

[0028] Referring to FIG. 4, the receiver retaining devce 24 includes a spinning drum 113. Typk:ally, the spinning 
drum 116 provkJes faster translations than are possi>le with the feed roller 112 (shown 'm FIG. 2) whk:h increases the 
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overall printing speed of the printing apparatus 20. The supercritical fluid source 100. rigid tubinq 101 formulation 
106 operate as described wrth reference !o FIG. 2. ^M«3»yc uevices 

(00291 In operation, the spinning drum 116 typically completes at least on revolution in the first direction 36 prior to 

IndlT T H H ^"'^''^ '^^ P^*"'^-^ does not havt " uanSte bIcK 

and fonh along the second d.rectron 38 during ,he printing operation. In this embodiment, i, is possible o ma n.arn a 
h.g ra.eolrela.,vemo.«.nbetween.heflexibler«^^^^^ 

makes a single pass along second diieclion 38 during printing. ■ lypicaiiy 

[0030J In FIG. 4. the receiver 117 is positioned on an exterior surface 42 of the drum 116 Referrina to Fir ^ . 
receiver 118 is positioned on an interior surface 44 of the drum 116. In this embodiment the Drinthead I O-Tt^ . 
slowly along the length of the interior of the drum 116 in the second direction 33 

[00311 Alternatively, as the movement of the printhead 103 in the second direction 38 is typicalh^ slow rr.mn. h 
to the speed of rotation of the drum 116). the marking material delivery system 22 de^:*^;!!^^^^^^^^ 
can besubstrtutedforthe marking material delivery system 22 described withrelere^^^ 

the drum 116 can also be transteted in the second direction 38 while the printhead 103 remains stallnar^jrsf^ 
applications. Again, this is because of the typically slow movement in the second direcVJ^romZdT.ie so^ 

^ cTZZ: \f ""'^"^ ''"^^'^ ^y^'- described "r'erlnr^t^^^^^^ 

r^^.^T ^ '"^ ^"^^'y ^y^'^"' ^ ''^'"^^^ ^'^^ reference to FIGS 4 and 5 

[00321 de«=ribed as examples of possible ways of achieving desired relative movements 

of the pnnlhead 103 and the receiver 106. 117. 118. However, it is recognized that there are othiZlsiX wr«c . 
achieve relative motion of the print head 103 andthe receiver 106 117 m ^ 

S^l '^'r'"^;°'''^^^'^"'^''^^'*'*'''^'9edevice105oftheprint'head103includesa 

118 followed by a lirst constant area section 120. A second variable area section 1?? Hi«orr,l T 

sec.ion120toanend124o,d«chargedevfce105.The«rstvariararsSrif^^^^^^^^^ 
area secton 120. The firs, constant area sectbn 11 8 has a diameter substantially equivaleXhe ex ^^^^^^^^^^ 
herirslvanaWearea section 120. Alternatively, discharge device 105can also include a second conLnt a^rsJ^^^^^^^^ 
125 posrt^ned after the variable area section 122. Second constant area section 125 has a <Jameter suStaSlJ 
equivalent to the exit diameter of the variable area section 122 Discharde devices io«; JiJ. "^""^'^^ substant al^ 

r'^rrr ? ^"9^"eeringtX RTn^n! CaZ^ 

[00341 The actuating mechanism 104 is positioned within discharge device 105 and moveable between an orw>n 

Pos.tionl26andaclosedpositlon128andhasasear,ngmechanismi3a 

130 .n the actuating mechanism 104 contacts constant area section 120 prevenL the ^^Z^^Tr^J^^^lJ^ 
na,.K:ally stabtemi^ure Of supercritk^atfluidand marking materia., in ope^ 

morture of supercr,tK:al fluid and marfcing material is pem,itted to exit discharge device 1 05 ^'^"^""^'^''^ ^'^"'^ 
I0W51 The actuating mechanism 104 can also be positioned in varteus partially opened positions dependina on the 
part^ular pnnfng app.k:ation. the amount of them,odynamicalV stabte m«ture o, fL and'ma,rng rSTen^ *Xd 
e c. Altematn.ety. actuating mechanism 104 can be a solenoid vah.e having an open and closed piition JJh* act ^ 
ating mechanism 104 is a solenoid vahre. H is preferable to also Include ^ adSfional posiTon com rbir^tuSna 
m«han«m to control the mass flow rate of the them,odynamicany stable mixture of flu^an3rkir2^^^^^ 
I0036J In a preferred embodiment of discharge device 1 05. the diameter of the first constant ^LltTon 1 20 of the 
discharge devce 105 ranges fmm 20 microns to 2.000 microns. In a morepreferred embodimeTthe^^te^o tJe 
first cor^tant area section 120 of the discharge device 105 ranges from 10 microns to 20 Tro^s A^dlTr^a ly «^ 
^sten. area section 120 has a predetenrUned tength fmm 0.1 to 10 times the dieter of f irsTlstrarr^J^ 

K P-ting ^ication. Sealing mechanism 130 can be conical In shape, disk s^d ^ 
IC0371 Refemng back to FIGS. 1-5. the marking material delivery system 22 takes a cl^sen so^Tn^ant^S orede 
If r"lr^ materials to a compressed DqukJ an<yor supercritical fluid state, makes a sI«on and^rXe^^^^^ 
of a predetermined maricing material or combination of maricing materials in the chosen r^ZrlL!^^? •! ^? 
s«per<.afca, fluid, and delK^ers ,he mar«ng materials as a coBi,^.^Tn;or fclcle^^^^ 

^:crd^r;£:nr''^^"""^^ 

Se;;:r^t;;::trrr^^^^^ 

100 to*100-C. and pressure in the range from 1«iaS- 1000 aL for thlipSi^n ^ '"^ 

,JI* supercritical flukJ carrier, contained in the supercritical fluid source 100. is any materfal that dissolves/sot 
ubilizes/dBperses a maricing material. The supercritical fluid source 100 delhreis the ^nLTSt^ n ? cftssolves/sol- 
«Jetem™nedconditionsofpressure.temperatur?andflawrateasa 

tha!areabovethelrcrilicalpolni.asdeflnedl>yacrillcaltemperalureLacriticalpr^urrZ^^^ 
fK.lds.Thecr»lca,.emperatureandcritlcalp^re.ypica1?i,lnea.h^^^ 
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becomes supercritical and exhibits gas like and liquid like properties. Materials that are at sufficiently high temperatures 
and pressures below their critical point are known as compressed liquids. Materials in their supercritical fluid and/or 
compressed liquid state that exist as gases at ambient conditions lind application here because of their unique ability 
to solubilize and/or disperse marking materials of interest when in their compressed liquid or supercritical state. 
[0040] Fluid carriers include, but are not limited to, carbon dioxide, nitrous oxide, ammonia, xenon, ethane, ethylene, 
propane, propylene, bulane. isobulane, chlorolrifluoromethane, monofluoromethane, sulphur hexafluoride and mix- 
lures thereof. In a preferred embodiment, carbon dioxide is generally preferred in many applications, due its charac- 
teristics, such as low cost, wide availability, etc. 

[0041 ] The formulation reservoir(s) 1 02a, 1 02b. 1 02c in FIG. 1 is utilized to dissolve and/or disperse predetermined 
marking materials in compressed liquids or supercritical fluids with or without dispersants and/or surfactants, at desired 
fomiulation conditions of temperature, pressure, volume, and concentration. The combination of marking materials 
and compressed liquid/supercritical fluid is typically referred to as a mixture, formulation, etc. 

[0042] The formulation reservoir(s) 102a, 102b, 102c in FIG. 1 can be made out of any suitable materials that can 
safely operate at the formulation conditions. An operating range from 0.001 atmosphere (1.013 x 10^ Pa) to 1000 
atmospheres (1 013 x 10^ Pa) in pressure and from -25 degrees Centigrade to 1000 degrees Centigrade is generally 
prefened Typically, the preferred materials include various grades of high pressure stainless steel. However, it is 
possible to use other materials if the specific deposition or etching applcation delates less extreme conditions of 
temperature and/or pressure. 

[00431 The formulation reservoir(s) 102a. 102b, 102c in FIG. 1 should be adequately controlled with respect to the 
operating conditions (pressure, temperature, and volume). The solubility/dispersibility of marking materials depends 
upon the conditions within the formulation reservoir(s) 102a, 102b. 102c. As such, small changes in the operating 
conditions within the fomiulation reservoir(s) 102a. 102b. 102c can have undesired effects on marking material solu- 
bility/dispensability. 

[0044] AddilionaWy, any suitable surfactant and/or dispersant material that is capable of solubiHzing/dispersing the 
marking materials in the compressed liquid/supercritical fluid for a specific application can be incorporated into the 
mixture of marking material and compressed liquid/supercritk:al fluid. Such materials include, but are not limited to. 
f luorinated polymers such as periluoropolyether. siloxane compounds, etc. 

[0045] The marking materials can be controllably introduced into the formulation reservoir(s) 102a. 102b, 102c. The 
compressed lk?uid/supercritlcal fluid is also controllably introduced into the formulatk>n reservoir(s) 102a. 102b. 102c. 
The contents of the formulation resen/oir(s) 102a. 102b, 102c are suitably mixed, using a mixing device to ensure 
intimate contact behhreen the predetemnined imaging marking niaterials and compressed liquid/supercritical fluid. As 
the mixing process proceeds, marking materials are dissolved or dispersed within the compressed liquid/supercritical 
fluid. The process of dissolutlon/dispersion, including the amount of martcing materials and the rale at which the mbdng 
proceeds, depends upon the marking materials Rself, the partfcle size and particle size distribution of the marking 
material (if the marking material is a soBd). the compressed fiquid^supercritk:al flukJ used, the temperature, and the 
pressure within the fomiulation reservoir(s) 102a, 102b, 102c. When the mixing process is complete, the mixture or 
formulation of mari^ing materials and compressed lk?uid^supercritical fluid fe themiodynamfcaWy stable^metastable. m 
that the marking materials are dissolved or dispersed within the compressed liquid/supercritical fluid in such a fashion 
as to be indefinitely contasied in the same state as tong as the temperature and pressure within the formulattonchairiber 
are maintained constant. This state is distinguished from other physical mixtures in that there is nosettling. precipitarion. 
and^or agglomeration of martcing material partk:les within the formulation chamber, unless the themnodynamc condl- 
tk>ns of temperature and pressure within the reservoir are changed. As such, the martcing material and compressed 
liquid/supercritical fluid mixtures or formulations of the present invention are said to be thenmodynamically stable/ 
metastable. This thermodynamicaBy stable/metastat)le mixture or fonmulation Is controllably released from the formu- 
lation reservoir(s) 102a. 102b, 102c through the dfecharge device 105 and actuating mechanism 104. 
[0046] During the discharge process, the martcing materials are precipitated from the compressed Tiquid/supercritk^al 
fluid as the temperature and/or pressure conditons change. The precipitated martcing materials are preferably directed 
towards a recehrer 1 06 by the dfecharge devfce 1 05 through the actuating mechanism 1 04 as a focussed and/or col- 
limated beam. The invention can also be practiced with a non-coBimated or divergent beam provkJed that the diameter 
of first constant area section 120 and printhead 103 to receWer 106 distance are appropriately small. For example, in 
a discharge devfce 105 having a lOum first constant area section 120 diameter, the beam can be allowed to diverge 
before impinging receiver 106 in order to produce a printed dot size of 60um (a common printed dot size for many 
prinOng appricatk>ns). Discharge device 105 d'lameteis of these sizes can be aeated wih modem manufacturing tech- 
niques such as focnised ion beam machining, MEMS f>rocesses, etc. 

[0047] The particle size of the maricing materials deposited on the receiver 105 is typicaBy in the range from 100 
nanometers to 1000 nanometers. The particle size d'stribut'ion may be controlled to be unifonn by controlling the rate 
of change of temperature and/or pressure in the discharge device 105, the location of the receiver 106 relathre to the 
discharge device 105. and the ambient conditions outside of the discharge devfce 105. 
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0048] The print head 103 is also designed to appropriately charige the temperature and pressure of the formulation 
to permit a controlled precipitation and/or aggregation of the marking materials. As the pressure is typically steDoed 
do«nmstages.lhefom,ulationlluidtlowisself.energized. Subsequent changestothelom,ulationconditions(achaL 
.npressure.achangeiniemperature.etc.)resultinlheprecipitationand/oraggregationoflhemarkingmaterial coupled 
w.lh an evaporation ol the supercritteal lluid and/or compressed liquid. The resulting precipitated and/or aqqreqated 
markmg material deposits on the receiver 106 in a precise and accurate fashion. Evaporation of the superclilical fluid 
and^or compressed liquid can occur in a region located outside ol the discharge device 105. Alternatively, evaporation 
oflhe supercntK:al llu.d and/or compressed liquid can begin within the discharge devce 1 05 and continue in the region 

? "^'"'^ ^"'"^ Alternatively, evaporation can occur v^rthin the discharge device 105 
10049) A beam (stream, etc.) of the marking material and the supercritical fluid and/or compressed liquid is lonned 
as the fom,ulat,on moves through the discharge device 105. When the size of the precipitated and/or aggrej^ed 
markmg matenals « substantially equal to ar, exit diameter of the discharge device 105. the precipitated ancSr ante 
gated marking matenals have been collimated by the discharge device 105. When the sizes of the precipitaled^d^ 
or aggregated marking materials are less than the exit diameter ol the discharge device 105. the precipHated anc^^ 
aggregated marking materials have been focused by the discharge device 105 • pnaiea an<vor 

1^1 The receiver 106 is positioned along the path such that the precipitated and^or aggregated predetennined 
majing mater^ls are deposited on the receiver 106. The distance of the receiver 106 IromSe discharge ivi^TS 
nh»^r. .h K '"'^"""^ ""^'^ compressed Ikjuid evaporates from the liquid and/o? sup^rit^. 
phase to the gas phase prior to reaching the receiver 106. Hence, there is no need for a subsequent receiv«^S 
processes. Alternatively, the receiver 106 can be electrically or electrostatically charged, such Z theTocarn oS 
markmg material in the receiver 1 06 can be controlled. 'ocaiion ol the 

I0051J It is also desirable to control the velocity v.,ith which individual particles of the marking material are elected 
from the discharge devfce 105. As there is a sizable pressure drop from within .he printhead IM opeS 
env.onment.thepressuredifferen,ialconver1sthepo 

the markmg materia partK^les onto the receiver 106. The velocity of these particles can be controlled bV suftab eS 
c^rge device lOSwrth an actuating mechanism 104. Discharge device 105 design and location relativeYo her^e^t 
106 also detennine the pattern of marking material deposition. receiver 
{00521 The temperature ol the discharge device 1 05 can also be conlroHed. Discharge device temperature control 

t::s:^.:;sr"'^^"^^^^^ 

S ' ^ ^"^ '"^"^"S ^" ^"■S^"*^. an inorganic, a metaBo-organk: a metainc 

an alloy, a ceramic, a synthetic and/or natural polymeric, a gel. a glass, or a comp^ite material TheTieiC^ m ^^i 
be pomus or non-porous.Addltionally.,he receiver lOScan have more thanonel^^ 

ol predetermined size. Alernately. the receiver 106 can be a continuous web "ver iut>can be asheet 

through pnnthead 103 in order to improve cotor gamut, provkJe protective overcoats, etc. When additional rn^L, 
rwS; iTe'TpJ^ and printhead design help to reduce marking materia, contaminatton ^ 
005SJ Referring to FIG. 8, a premrxed tank(s) 124a. 124b. t24c. containing premlxed predetermined marldng ma- 

ri^^r«J>f . ''TTk*'"'*'^ ^2*=c-"»>««"PP«^and replaced either asaset 125. oVinCn* 

tt^ TStl?„r H r:^T. °' "'^'^ ^^^^^ "^^^ ^^^^ «•« contentsTothe^ 

tanks.ThesBeoftheprem,xedtank(s)124a.124b.124c.can be varieddependingon anticipated usag^ 

The premixed tank(s) 124a. 124b. 124c are connected to the discharge devices 1 05 thro^h de^ paths 2rWhe„ 

L^L^.'^-T'° k"^- T ^^''^^^'•^^'^^^^ribingpremixedcanisters^^^^ 

" shownJ>rembcedcanister{s) 137a. 137b. 137c is posHioned on the printhead 103^n 
ment « necessary, premoted canister 137a. 137b. 137c can be removed from the printhead 103 and repSS w7h 
another premixed caoister(s) 137a. 137b. 137c. repiacea wnn 

2f'^'^9'^J'^JO- P'^^^edtonkts) 124a. 124b. 124c. containing premixed predetem^ined marking mate- 
nab and the supercnt«:al fluKi and^or compressed lk,uid are connected in fluid communication throS^^Sm to 
pnnthead 1 03. Tho premixed tank(s) 124a. 124b. 124c can be suppT^d and replaced eltfterlers^ lS ril^^^ 
ent|yinappr.a.ior«where.hecontenuofone.anKare.ik^^ 

S^prll'^tatf^l'^^^^^ 

lhe premwedtank(s) 124a. 124b. 124c are connected to the discharge devices 105 through delverv paths 26 When 

eT 7B lot. Ih K *^ 105 can be. for example, of the type described with reference to Ff^ 

6A-7B above which can produce a collimated beam 140 of marking material 
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I0W8J An additional premixed tank 124d. containing a premixed predetermined marking material and the supercritcal 
fluKJ and/or compressed liquid. Is connecled In lluid communicalion through tubing 1 v. and a delivery path 132 to a 
discharge dev.ce 105a. Discharge devtee 105a is shaped to produce a diverging bear. 142 of marking material Dis- 
charge devce 105a can be, for example, a capillary tube having a diameter 10 to 1000 microns. Typically diveroina 
beam 142 can cover a larger area ol receiver 106 which makes discharge devtee suitable for delivering an overcoat 
and/or a precoat marking maleiial. 

I ^" '^^^^ °' '""^^ ^ P""*^' ^ described above, by actuating discharge devfces 

105. Then, discharge devices 105a can be subsequently actuated to produce an overcoat layer on the receiver 106 
As the rnaAing material delivered by discharge devices 105 is free from solvent, signif eanl diying time is not required 
before debvenng the overcoat layer through discharge device 105a. The overcoat marking material can include any 
suitable organic and/or inorganic material. 

[0060J AddHionally. the locatk>n of recewer 106 can be adjusted (shov^n using arrov* 144) relative to the outlet of the 
discharge device 105 or 105a in order to increase or decrease the area of coverage or the amount of marking material 
del«.ered to a parteular location of receiver 106. This can be accomplished using translation stages, as described 
above. Alternatively, the position of the printhead 103 can be adjusted (shown using arrow 146) to increase or decrease 
the area of coverage. 

[0061) Alternatively, a diverging beam of marking material can be achieved by varying the mass ftow rate of delivery 
through discharge device 1 05. For example, the mass flow rate can be increased to create a divergent beam of markina 
material and decreased to create a collimated beam of marking material. 

f0062J The printhead configuration shown with reference to FIG. 10 can be incorporated into other types of printina 
systems, for example, those systems described with reference to FIGS. 1 -9. /»- k » 

j0063J Referring to FIGS. 11A-11D. it has been determined, as described betow with reference to Tables 1 and 2 
that a beam of marking material 148 delivered to receiver 106 from discharge devfce 105 demonstrates collimated' 
d«,erging, and converging characteristk:s. As such, receiver 1 06 can be positioned at predetemiined locations relaHve 

that a coBmated beam (FIG. 1 1 B) or a diverging beam (FIG. 1 1C) of marking material is delivered to recehrer 1 06 from 
premixed tank(s) 124a. 124b. 124c. containing premixed predetemnined rharking materials and the supercritteal fluid 
andtor compressed liquki. When printing iscomplete. IheposSion of receiver 106 is adiusted(FIG. 11 D) and an overcoat 
martung material is delivered to receiver 106 from premixed tank 124d. As the mart^ing material delhrered by discharge 
devices 105 is free from sohrent when the marking material contacts recewer 106. little or no drying time is required 
be^re defivenng the overcoat layer. Typk:ally. a switching mechanism 1 50 (for example, a valve..etc.) is actuated prior 
to delivering the overcoat material. Alternatively, predetermined dtecharge devtees 105 can be dedfcated to deHverina 
overcoat marking material or marking material. Adjustment of receiver 106 can be accomplished using a moveable 

T'""^ ^ ^ "^"^ am>, etc. Altemath^ly. the posRion of the 

pnnthead 103 relative to the receiver 106 can be adjusted. 

[00651 Additionally, when a precoat marking material is to be deRvered to receiver 106. the precoat marking material 
|s delr/ered prior to delivering the nr«ricing material. The position of receiver 106 can also be adjusted as needed 
depending on the printing appfcatbn. For example, if a collimated or converging beam of overcoat or precoat maridng 
matenal is desired, the receiver can be positioned as shown in FIGS. 11 B and 11C. respectively 
[0066J The printhead configuration shown virilh reference to FIGS. 11A-1 ID can be incorporated into other types of 
pnnting systems, for example, those systems described with reference to FIGS. 1-9. 

Experknentai Results 



^miJ^ \ ' 1^"^ '^"^ ^" experiment where discharge devfce 105 (throat diameter 

^ ^^^T^ ^''^ * collimatedand aconvergent beam of marking material Discharge device 105 was fixed 
and kK^ted at knojjm distances awayfromatranslatingrecehierioe. The resumngl^ 



labiel 



Nozzle to Substrate (fistance (micrometers) 


Resulting line width (micrometers} 


0 


300 


250 


too 


500 


200 



EP 1329 315 A2 

Table 2, shown below, describes ihe resuNs of a another exoerimpni n^^n^r^^ . .k ^ . 
micrornelerdiarnelercapillaorlube)loproduceadiverq „T^^^ T!? \^'^'^^^9« ""'^"^^ ^^^a (65 

and tocated a. Known distances away ,L a .ranstrg eceleTr C^^^^^^^^ 't^^ '"^ 

measured for width. receiver i06. The resulting line image on the receiver 106 was 
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Graph 1 , shown below, plots the results of both experiments. 
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Claims 



1. A printhead for delivering sohrent free materials to a receiver comprising: 

(-<«,. .cc, u .3rc,«irx::sn;r:srr 
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a first marking material at the inlet, the first discharge device being configured to produce a shaped beam of 
the first marking material the fluki being in a gaseous state at a location beyond the outlet of the first discharge 
device; 

a first actuating mechanism (104) positioned along the first delivery path, the first actuating mechanism having 
a first posrlion removed from the first delivery path and a second position in Ihe first delivery path; and 
a second discharge device (105a) having an inlet and an outlet, a portion of the second discharge devk:e 
defining a second delivery path, a portion of the second discharge device being adapted to be connected to 
a pressurized source (124d) of a themiodynamically stable mixture of a fluid and a second marking material 
at the inlet, the second discharge device being configured to produce a diverging beam of Ihe second marking 
material, the fluid being in a gaseous state at a location beyond the outtet of the second discharge device. 

2. The printhead according to Claim 1, a second actuating mechanism positioned along the second delivery path, 
the second actuating mechanism having an open position and a closed position, 

3. The printhead according to Claim 1 , wherein the first discharge devk:e includes a first variable area section (118) 
connected to one end of a first constant area section (120). and a second variable area section (122) connected 
to another end of the first constant area section. 

4. The printhead according to Claim 1 . wherein in the first marking material is an ink. 

5. The printhead according to Claim 1 . where in the second marking material is one of an overcoat material and a 
precoat material. 

6. A method of printing comprising: 

providing a pressurized source of a thermodynamically stable mixture of a solvent and a marking material; 
providing a discharge devce having an inlet and an outlet, a portion of the discharge devkre defining a delivery 
path, a portion of the discharge device being adapted to,be connected to a pressurized source of a thermo- 
dynamically stable mixture of a fluid and a marking material at the inlet; 

causing the discharge device to produce a first shaped beam of the marking material, the fluid being m a 
gaseous state at a location beyond the outlet of the cfischarge device; and 

causing the discharge device to produce a second shaped beam of the maricing material, the fluid being m a 
gaseous state at a kx:ation beyond the outlet of the discharge device. 

7. The method according to Claim 6, further compristng: 

providing a receiver positioned at a first predetermined distance from the outlet of the discharge device, wherein 
causing the discharge device to produce a shaped beam of the marking material includes delivering the mark- 
ing material to the receiver positioned at the first predetermined distance to create a printed area on the receiver 
having a first size. 

S. The method according to Claim 7. further comprising: 

moving the receiver to a second predetemr^ined distance from the outlet of the discharge device, wherein 
causing the discharge device to produce a shaped beam of the ntarking material Includes delivering the mark- 
ing material to the recehrer positioned at the second predetermined cfistance to create a printed area on the 
receiver having a second size. 

9. The method according to Claim 6, wherein causing the (fischarge device to produce a first shaped beam of the 
maricing nnaterial includes delivering the nnarking material at a first mass flow rate. 

10. The method according to Claim 6, wherein causing the cfischarge device to produce a second shaped beam of 
the marking material includes delvering the maricing material at a second mass fk>w rate. 
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